Abstract: A concise account of pterins in chemistry and biology and their applications in molecular sensors including their optical spectroscopic properties are described. Different natural, synthetic, biological and photophysical aspects are also discussed. Synthetic access to direct functionalised pterins and a recently reported new thiophene annulation technique are described for the synthesis of Form B of molybdenum cofactor. The receptor properties of fluorescent pterin molecules including selenopyrimidines which are rarely reported for their binding of anions and neutral molecules are also of major importance in this review. For such an old and still so young, unexplored pterin system on its power to be sensitive for physical studies especially the interaction with cations, anions and neutral molecules are fascinating and research in this area is relatively new and expected to increase fast. Pterin based receptors are for the first time put into a useful review for the advantage of those who want to explore pterin and modified pterin as chromogenic and fluorogenic sensors.
Introduction
The pterins (2-amino-4-oxo-pteridines) are a class of compounds which are wide spread but have sporadic distribution throughout the animal kingdom. These compounds were first isolated from pierid butterflies and the orange, yellow and white coloration of the wings [hence the origin of their name, from the Greek pteron (πτερόν), wing] are due to presence of pterins. Although the Pieridae are the only butterflies from which pterin has been reported, these pigments have also been identified in representatives of other insect orders and in crustaceans. Pterins are also reported from certain fish, amphibians, reptiles and mammals (Fox and Vevers, 1960) .
F. Gowland Hopkins (1895) first took the major study of pterins who extracted these white, yellow and red pigments from various Pieridae. In fact, he established the white pigments as uric acid and stated that the yellow and red pigments were close relatives of uric acid. By means of more refined chemical tests, it is now proved that the pigments Hopkins extracted were indeed pterins.
Pteridines are a group of heterocyclic compounds composed of fused pyrimidine and pyrazine rings and the numbering system is shown below (Figure 1 ) [1] . There are three main classes of naturally occurring pteridines namely, lumazines, isoalloxazine and pterins. Lumazines and isoalloxazines possess oxo-substituents at the 2-and 4-positions with the difference being a phenyl ring annealed in the 6-and 7-positions on the isoalloxazine. The most common class of naturally occurring pteridines are the pterins which have an amino group at the 2-position and an oxogroup at the 4-position.
The pterin ring structure is similar to that of guanine and is closely related to flavin. The four nitrogen atoms within the pteridine bicycle diminish the aromaticity of the system which is why it is susceptible to nucleophilic reactions [2] . Pteridines in solution are stable to heat, but the addition of acid can lead to ring cleavage forming aminopyrazine carbaldehyde. Though unsubstituted pteridine is soluble in water, common pteridine substituents such as amine and keto groups decrease the solubility through their ability to make intermolecular H-bonds. This characteristic makes pterin manipulation in reactions challenging. Substituent modification such as the acylation or alkylation of the amine or amide functionalities can overcome the poor solubility.
Natural occurrence of pteridines
In 1889, two natural pteridines were isolated from wings of Brimstone butterflies [1] . Structure of these pteridines were later resolved to be xanthopterin and leucopterin (Figure 2 ). More investigation of the Brimstone butterflies pigments in 1933 led to the isolation of a third pteridine, isoxanthopterin. However, due to difficulties with elemental analysis, the constitution of all these pterin compounds remained unsettled until 1940 when the pteridine nucleus was finally resolved. The total synthesis of these pteridines were achieved shortly after by Robert Purrmann [3] .
Since then over fifty other naturally occurring pteridines have been isolated and characterised, and the total synthesis of some have been achieved. Naturally occurring pteridines have been isolated from (a) insects, examples include xanthopterin and isoxanthopterin; (b) plants, an example being folic acid; and (c) mammals, an example being neopterin [1] . Most of the pteridines isolated belong to the pterin family and some were realised to be incorporated in a number of redox cofactors.
Redox property of pterins
There are three main redox states of pterins: the fully oxidized, the semi-reduced or dihydro and the fully reduced or tetrahydro state (Fig. 3 ). These are interconverted by 2e − , 2H + reactions as described below. The greater complexity of pterin redox chemistry (as compared to flavin redox chemistry) becomes apparent when the tautomers of the semi-reduced state are considered. Choice of reduction method determines which semi-reduced pterin is initially produced. Regardless, all dihydropterin tautomers, unless highly substituted, will eventually rearrange to the most thermodynamically stable form, the 7, 8-dihydropterin.
Non-redox active pterins:
Many naturally occurring pterins are incorporated in a number of redox active cofactors and are believed to be redox active themselves, although the mechanism is not fully understood. There are however, pterins not associated with redox reactions and their biological functions, if any, are largely untraced. These pterins in some cases have been classified as pigments e.g. xanthopterin and sepiapterin-C (Figure 4 ). More recently, xanthopterin, oncopterin and neopterin have been shown to be useful bio-markers for human disease states [4] . Xanthopterin has been identified to be present in butterfly wings and in the urine of mammals. It is the end product of a non-conjugated pteridine compound inhibiting the growth of lymphocytes produced by concanovalin [3] . Xanthopterin is found in high levels in patients with liver diseases and hemolysis, and can be used to detect the presence of these diseases. Sepiapterin -C is found along with biopterin and is thought to be a by-product in the biopterin metabolic pathway [4] . No biochemical function of sepiapterin-C has been reported so far. Neopterin has been found to serve as a bio-marker of mammalian cellular immune system activation. 5 High levels of neopterin are associated with increased production of reactive oxygen species, commonly found in diseases like HIV, cancer, arthritis and bacterial infections. The amount of neopterin in blood fluids or urine gives an indication on the progression of these diseases. 
Pterins as redox cofactors:
Biopterin and neopterin are the two important pterins isolated from animals ( Fig. 5 ). Both pterins are substituted at C6 by a hydroxypropyl moiety. The propyl side group harbors two chiral centers, thus providing possibility of different diastereoisomers. The major isomer in the case of biopterin is an l-isomer while that in neopterin is a d-isomer. In some cases, one of the hydroxy groups is glycosylated to give different derivatives of naturally occurring biopterin and neopterin [5] . Fully reduced form, tetrahydrobiopterin (H4biopterin) was first recognized as the redox cofactor for the aromatic amino acid hydroxylases such as phenylalanine hydroxylase (PAH). More recently H4biopterin has been identified as a required cofactor in nitric oxide synthase (NOS). A biosynthetic defect in H4biopterin has been implicated in phenylketonuria as well as several neurological diseases such as Alzheimer and Parkinson's diseases. Neopterin has been isolated from frog skin and fruit flies, as well as from bacterial sources. In humans neopterin is of interest as it is elevated in cancer patients. Other physiological roles of neopterin include the induction of apoptosis and protection of cellular protein from oxidative damage.
Reduced pterins and their synthesis:
Synthetic procedures for preparing pterins by the condensation of diaminopyrimidines and α, β-dicarbonyl reagents (Gabriel-Isay synthesis) yield pterin in the fully oxidized state. During pterin synthesis by other methods (e.g., Polonovski-Boon synthesis), the semi-reduced 7, 8-dihydro-form is the immediate product of ring closure but if the reaction is performed in air, oxidation by O 2 may produce the fully oxidized pterin. Otherwise oxidising agents such as hydrogen peroxide, permanganate or iodine are used to produce the oxidized pterin. Under the tightly controlled environment of biological pterin synthesis, biosynthetic processes produce pterin in one of the tautomeric forms of the semi-reduced state. This dihydro state of the pterin ring system persists through subsequent side chain manipulations to give the final species. Synthetic preparation of reduced 5, 6, 7, ) from oxidized pterins generally uses catalytic hydrogenation or borohydride reagents. Many different pterins have been reduced from the oxidized state to the tetrahydro state by reaction with H 2 gas in acidic solution (pH < 1), either aqueous or methanolic, in the presence of palladium metal on carbon. 6 Tetrahydropterins are generally unstable in air towards oxidation to a dihydro state followed by rapid rearrangement to the stable 7,8-dihydro tautomer. It has been observed that the rearrangement is blocked by disubstitution at the 6 position permitting isolation of a quinonoid tautomer of dihydropterin. 7, 8 Sodium dithionite will partially reduce oxidized pterin to 7, 8-H2pterins. 9 Borohydride reductants of the general type M[BHR3] (M= Li, Na, K; R =H, alkyl, CN) can be selected to partially reduce oxidized pterins to the semi-reduced state, usually obtained as the stable 7,8-dihydropterin tautomer. Combining a borohydride reductant with an alkylating reagent (benzylchloroformate or FMOC) accomplishes reduction of pterins to the 5, 6, 7, 8-tetrahydro reduced state with mono-alkylation while di-alkyl protection at N5 and N8 is required for quinoxaline reduction. 10 In case of simple pterins the reduction proceeds by first alkylation at N5 followed by hydride addition from the borohydride reagent. It should be noted that N-alkylation generally has a stabilizing effect. Alkylation at N3 has been observed to stabilize quinonoid tautomers against rearrangement to 7, 8-dihydropterins.
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Pterins as toxins:
Not all naturally occurring pterins are physiologically beneficial or aesthetically attractive.
Some of them can cause harmful effects. For example, surugatoxin (Fig.7) is a complicated molecule isolated from the Japanese ivory mollusk (Babylonia japonica) found in Suruga Bay [12a] . This compound produces a prolonged hypotension and it can function as ganglioplegic. The total synthesis of surugatoxin has been achieved. 12a,b Other complex pterin containing natural products include urochordamines, an alkaloid isolated from tunicate, Ciona savignyi [13] .Urochordamine A (Fig.7 ) has been suggested to promote larvae settlement and metamorphosis of the tunicate at a low concentration, while the stereoisomer urochordamine B (Fig.7) showed no activity at that concentration. The two isomers differ in the stereochemistry of the carbon that links to the pyrazine ring.
Folic Acid, an important pterin natural product
Folic acid (N-pteroyl-L-glutamic acid)
Another important pterin compound is folic acid which is a form of the water-soluble vitamin B9. Folic acid is a key factor in the making (synthesis) of nucleic acid -nucleic acid is one of a family of large molecules including DNA (deoxyribonucleic acid) and RNA (ribonucleic acid). The human body does not store folic acid and we have to consume it every day in order to make sure we have adequate amounts. Folic acid or folate is converted to dihydrofolate (DHF) in the presence of nicotinamide adenine dinucleotide phosphate (NADPH), dihydrofolate is then converted to tetrahydrofolate by the enzyme dihydrofolate reductase (DHFR). Tetrahydrofolate (FH4) is the most active form of the folate family and is responsible for the production and maintenance of new cells, for DNA and RNA synthesis [14] [15] [16] .
Tetrahydrofolate is a substrate in a number of singlecarbon-transfer reactions. FH4 is converted to methylene-FH4 by the addition of a methylene group from one of three carbon donors: formaldehyde, serine or glycine. The methylene-FH4 is then converted to methyl-FH4 by reduction with NADPH. The methyl group is then transferred to Vitamin-B12 cobalamin which in turn is transferred to another acceptor, homocysteine, generating methionine which is an amino acid (Fig.8) . The methylene-FH4 is also used to methylate the pyrimidine base uracil to thymine which is essential for DNA synthesis. FH 4 is very essential in DNA and amino acid synthesis and its concentration is regulated by the presence of folate and also the activity of DHFR. Folate deficiency (FD) results in many health problems such as neural tube defects in developing embryos and also cancer formation due to lack of nucleotides required for DNA synthesis and repair in cancer patients. Other physiological roles of neopterin include the induction of apoptosis and protection of cellular protein from oxidative damage.
Because folic acid or folate is essential for cell growth and development, diseases such as cancer, bacterial infection and viral infections also require folate to grow and spread, and in these cases, the down regulation of folate is required. All these diseases are recognized by high rates of cell division and growth and thus require large quantities of folate. Unlike humans, microorganisms and plants have a biosynthetic pathway for folate ( Figure 9 ) and it came as no surprise that the synthetic compounds to inhibit the production of folate were some of the first synthetic therapeutic antibacterial agents.
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Molybdenum cofactor
Another important natural existence of pterin system is in molybdenum cofactor. The transition element molybdenum is an essential micronutrient for microorganisms, plants, and animals [18] . Surprisingly, molybdenum itself is catalytically inactive in biological systems until it is complexed by a special scaffold [19] . Molybdenum is present in trace amounts in the tissues of a broad range of biological species, including algae, fungi, bacteria, plants, animals, and humans, and has recently been recognized as an essential trace element for human health [20] . An essential role of molybdenum is the catalysis of a controlled oxo-transfer reaction coupled to an electron transfer between substrates and other cofactors, such as Fe-S centers, hemes, and flavins. Molybdenum also functions as a prosthetic metal in a number of enzymes that catalyze diverse redox reactions; these enzymes also require a common organic cofactor for their activity, which was once thought to be a protein [21] but has recently been shown to be a novel pterin derivative with a sulfur-containing 6-alkenyl side chain [22, 23] . This organic cofactor has been termed molybdopterin.
The complex of molybdenum with molybdopterin, referred to as the molybdenum cofactor, has been found to be a universal cofactor for all molybdenum-containing enzymes studied with the single exception of nitrogenase, which has its own unique iron-molybdenum cofactor [24] [25] [26] . The following structure 1 has been proposed for the molybdenum cofactor.
Blue fluorescence in the degradation products of the Moco is due to the the presence of pterin moiety. The common organic cofactor for the activity of the enzymes has been termed molybdopterin. The dephospho derivatives Form A, Form B, urothione, and camMPT (carboxamidomethyl derivative) have been isolated from molybdenum cofactor 1 (Moco) (Fig.10) .
27-31 A number of review articles have been published to discuss the biochemistry, spectroscopy, mechanism, and recent advances of the Moco containing enzymes and the Moco structure. [31] [32] [33] [34] [35] [36] [37] Several oxidative degradation products of molybdopterin have been synthesized. 38a-n, 39 The suggested ligation of sulfur ligands of molybdopterin is in accordance with the results of EXAFS (extended X-ray absorption fine structure) studies.
30a Sulfur functionalities are attached with the a and b unsaturated carbons to the pterin ring in camMPT, Form B, and urothione and the formation of these compounds is consistent with the decomposition of proposed 1,2-ene-dithiolate structure of Moco. The decomposition of Moco-containing molybdoenzymes was carried out in the absence of iodine and a degradation product dephospho Form B was obtained which contains only one of the two sulfur atoms present in molybdopterin itself, for which the structure (thieno [3,2-g] (Fig.11) .
A new convenient route for total synthesis of (±) dephospho Form B (Scheme 1) of molybdenum cofactor by direct one step thiophene annulation from suitable pterin alkynes has been recently reported by us. 40a The development of thus direct thiophene annulation onto pterin from the alkyne moiety at 6-position of pterin is successfully achieved by using excess of sodium sulfide. This novel general method of thiophene annulation onto pterin from alkyne side chain of pterin conveniently led to the synthesis of a series of pterin fused 1-substituted thiophenes (5, 6, 7 respectively) of which from 7, the natural Form B, 8 of Moco was synthesized. Previously Joule et.al 40b reported thiophene annulation on quinoxaline from dibromo derivative of 2-alkynyl quinoxalines with dipotassium trithiocarbonate.
Nitric oxide synthase (NOS)
Nitric oxide syntheses (NOS) are homodimeric enzymes that NADPH-dependently convert L-arginine to nitric oxide and L-citrulline. Interestingly, all NOS also require (6R)-5, 6, 7, 8-tetrahydro-L-biopterin (H4Bip) for maximal activity although the mechanism is not fully understood. Basal NOS activity i.e. that in the absence of exogenous H4Bip, has been attributed to enzyme-associated H4Bip.
To elucidate further H4Bip function in purified NOS, we developed two types of pterin-based NOS inhibitors, termed anti-pterins. In contrast to type II anti-pterins, type I anti-pterins specifically displaced enzyme-associated H4Bip and inhibited H4Bip-stimulated NOS activity in a fully competitive manner but, surprisingly, had no effect on basal NOS activity. Moreover, for a number of different NOS preparations basal activity (percent of Vmax) was frequently higher than the percentage of pterin saturation and was not affected by preincubation of enzyme with H4Bip. Thus, basal NOS activity appeared to be independent of enzyme-associated H4Bip. The lack of intrinsic 4a-pterincarbinolamine dehydratase activity argued against classical H4Bip redox cycling in NOS. Rather, H4Bip was required for both maximal activity and stability of NOS by binding to the oxygenase/dimerization domain and preventing monomerization and inactivation during L-arginine turnover. Since anti-pterins were also effective in intact cells, they may become useful in modulating states of pathologically high nitric oxide formation.
NOS catalyzed reaction:
L-arginine + 3/2 NADPH + H + + 2 O 2 citrulline + nitric oxide + 3/2 NADP + Conditions: a) excess Na 2 S, dry THF, rt, 1h, 63%; b) excess Na 2 S, dry THF, rt, 4h, 65%; c) excess Na 2 S, dry THF, rt, 4h, 47% (adapted from ref. 40 (a) .
Synthetic pteridines
The synthesis of heterocyclic systems can be considered to be best divided into those where an existing ring is functionalized or the ring is constructed from acyclic components ("classical ring synthesis"). In addition to the already established procedure which uses 6FP as starting material, few methods have been developed leading to 6-substituted pterins.
Of the few synthetic approaches leading to 6-substituted pterins, the most notable method is the one developed by Taylor The most classical synthetic approach to 6-substituted pterins is of the "ring synthesis" variety, in which an existing ring, usually the pyrimidone or pyrimidine, is used for the construction of the appropriately substituted pyrazine ring. The original classic ring synthesis can be divided into three main reactions, named after their inventors (Fig.13) . The Gabriel-Colman synthesis involves the condensation of a 2,4,5,6-tetraaminopyrimidine ring with dialdehyde, glyoxal, aldehydoketone and diketones, giving rise to a wide range of 6-and 7-substituted pteridines [6] . The problems encountered in this route are the mixture of products in which both the 6-and 7-substituted pterins are obtained.
The Timmis synthesis entails the condensation of 5-nitroso-2, 4, 6-pyrimidine-triamine with an α-carbonylmethylene compound to give substituted pteridines. The products obtained from this route are normally unambiguous, but the need to prepare the 5-nitroso group is the drawback [6] .
The Boon synthesis involves the condensation of aminoacetone with 2-amino-6-chloro-5-phenylazo-4(3H)-pyrimidinone. Reduction of the azo group to an amine, spontaneously leads to cyclization, and oxidation with oxygen gives 6-methylpterin. Products are obtained having an unambiguously assigned structure.
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Other modifications to the classical ring synthesis include the method pioneered by Taylor et.al. which start by making the substituted pyrazine ring then reacting it with guanidine to give exclusively the 6-substituted pterin (Figure 14 ) [42] . Substituents such as aryl, alkyl and heterocycles were introduced exclusively at the 6-position using this method. 
Direct functionalisation onto pterins
Direct acylation of heteroaromatic bases was first shown by Caronna, whereby an aldehyde reacting with a peroxide in the presence of iron sulfate, generates an acyl radical which can insert onto the protonated heterocyclic species [43] . This reaction has been performed on a variety of simple heterocycles, and has also been shown to proceed with α-keto ester as the acyl source [44] .
Anslyn et al. 45 have reported the use of peroxide and iron sulfate for the direct one-step formation of a variety of 7-substituted pterins, starting simply from pterin.
Besides, Stuart, Suckling, Wood, and colleagues [46a-d] also have developed methods for the synthesis of both 6,7,7-trimethyl-7,8-dihydropterin (9b, Scheme 2) and 6-hydroxymethyl-7,7-dimethyl-7,8-dihydropterin (9c, Scheme 2), but 9c was found to be degraded to 6-hydroxy-7,7-dimethyl-7,8-dihydropterin (9d, Scheme 2) upon incubation with 6-hydroxymethyl-7,8-dihydropterin pyrophosphokinase HPPK [47] .
Direct insertion of alkoxy group at the 6,7 position of pterin ring is not much explored according to our knowledge although other substituents such as alkyl, acyl, halides etc are known to be directly linked at 6,7 position of pterin moiety by applying various methods. During our survey, on the addition of ceric ammonium nitrate in methanol or ethanol solution of different pterin moieties under refluxing condition, the corresponding alkoxy pterins ( Table 1 and Table 2 ) are easily obtained in expected yields (Scheme 3).
We reported 48 the facile and direct insertion of methoxy and ethoxy groups at 6 and 7 position of pterin with the treatment of methanol ( Table 1 ) and ethanol ( Table 2) respectively in presence of ceric ammonium nitrate (CAN). We have investigated that only the free positions (6 and 7) of pterin are substituted by methoxy or ethoxy groups under reflux condition with ceric ammonium nitrate. Now it is clear that the methoxy and ethoxy groups have come from methanol and ethanol respectively which also act as a solvent in the reaction medium.
Not only the ceric (IV) ammonium nitrate is the most common oxidising agent but also its applications in carbon-heteroatom bond formation in organic synthesis is established. Now, our known carbon-heteroatom bond formation arbitrated by CAN include C-Br, C-I, C-S, C-N, and C-Se bonds. One of the most characteristic properties of ceric (IV) ammonium nitrate (CAN) is the oxidation of aromatic methyl group to aldehyde group in excellent yield. In our experiment, we have used different types of pterin derivatives e.g 7-methyl pterin, 6-chloropterin and 6-bromo deazapterin but there is neither oxidation of the methyl group nor displacement of halide groups of pterins by the action of ceric ammonium nitrate. The results are summerized in Tables 1 and 2 respectively.
Probable mechanism
The alkoxy radical is probably generated in presence of ceric (IV) ammonium nitrate and this alkoxy radical bonded to 6 and 7-position of pterin generates the new pterin-N5 radical which aromatizes after either removing hydrogen radical or electron and proton respectively (Fig.15) . 0% probability displacement ellipsoids for non-H atoms and the atom-numbering scheme. Hydrogen bond is represented by dashed line.
Synthesis of Indolopterin and indoloquinoxaline and their photophysical properties
Indole is the essential constituent of fragrances and it is an important precursor of many pharmaceuticals [49] . Indole-derived compounds are also of significance in natural product chemistry and pharmacology [50] . Many indole alkaloids [51] have the important possession in physiological activity and some of them are used in medicine. We have combined the two above important heterocyclic moities (pterin and indole as electron acceptor-donor biheterocyclic system) and thus have classically synthesised the pterin-derived new compound which exhibits a beautiful solvatochromic photophysical property based on excited-state intramolecular proton transfer (ESIPT) [52] . Now in modern molecular recognition research, the scientists are more devoted on ESIPT phenomena because of its wide application in laser dyes [53] , fluorescence sensors [54] and molecular switches [55] etc.
Pterin and quinoxaline, the two important heterocycles are present in many biologically active natural products and are also used in a wide variety of medicines. The derivatives of quinoxaline have also found use in antitumor antibiotics and potent bacteriosides. Many designed synthetic medicines possess these heterocycles.
Since the most important pterin natural compounds are substituted at 6-position, we have tried to synthesise pterin substituted by indole specifically at 6-position which shows a significant solvatochromic property based on ESIPT. Though 2-(2-furyl)-quinoxaline [56] is known to the best of our knowledge, indoloquioxaline or indolopterin [57] were not known naturally or synthetically.
Since indolopterin and indoloquinoxaline have both electron acceptor pterin and quinoxaline moiety respectively along with electron donating indole moiety, we have investigated and successfully obtained interesting photophysical properties of indolopterin (29) as well as indoloquinoxaline (33).
Synthesis of indolopterin and indoloquinoxaline
In the retroanalysis of dissimilar targeted diheterocycles 29 and 33 which originate from quick development of pterin-6-keto-methyl and quinoxaline-2-keto-methyl intermediates (25 and 31) should allow the construction of indole moiety by Fisher indole synthesis from the corresponding phenyl hydrazones of the corresponding keto methyl of pterin and quinoxaline. In continuation of our work on tri and tetracarbonyl compounds [58] for the synthesis of heterocycles, the formation of 6-keto-methyl pterin ring can be conveniently achieved from the condensation of the stable tricarbonyl compound [59] 28 with triamino-4-oxopyrimidine. Selenium dioxide oxidation (one equivalent) of actylacetone produces the desired stable tricarbonyl compound pentane-2, 3, 4-trione (28). The total synthesis of 7-methyl-6-indolopterin begins from 2, 5, 6-triamino-4-oxo-pyrimidine (22) as shown in scheme 4 (adapted from ref. 59). The trione (28) was allowed to react by with the above pyrimidine (22) to give rise to the synthesis of 7-methyl-6-keto-methyl pterin (24) in crude form which gave the soluble product 25 by the action of pivalic anhydride in presence of catalytic DMAP. The compound 25 was then converted to the corresponding phenylhydrazone (26) which undergoes Fischer indolisation to afford the yellow fluorescent target compound 29 in good yield. Thus, we have achieved the first synthesis of indolopterin or pterinoindole (29).
The similar retrosynthesis was followed for the target indoloquinoxaline (33), from the synthesized intermediate 2-acetyl-3-methylquinoxaline (31) (scheme 5) from orthophenylenediamine and pentane-2, 3, 4-trione by following the same procedure as above. 
(iv)
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(ii) Isolated yields are of chromatographically obtained pure material. (Table 2 taken 
Crystal structures of Compounds 31 and 32:
The single crystal X-ray diffraction studies also confirm the structures of compounds 31
and 32. The role of hydrogen bonding and stacking forces shows the stability of the molecular pairs. 
Crystal structures of Compounds 31 and 32
The single crystal X-ray diffraction studies also confirm the structures of compounds 31 and 32. The role of hydrogen bonding and stacking forces shows the stability of the molecular pairs. The crystal packing of the major component for compounds (a) 
Photophysical properties of Compounds 29 and 33
We have examined the fluorescence behaviour of 29 (indolopterin) and 33 (indolo quinoxaline) in several solvents. In non-polar aprotic solvents (e.g hexane, CCl4
and toluene) they show deep blue fluorescence including bathochromic shift (λmax) respectively. The intensity of the blue fluorescence gradually decreases with increasing the polarity of the solvents (moderately polar aprotic). We also observed the compound 29 has similar emission spectra in CHCl3, CH2Cl2 and THF whereas the compound 33 gives different emission spectra with decreasing λmax from CHCl3 to THF. Now among the polar aprotic solvents, acetone, DMF and CH3CN show the almost similar emission spectra (yellow fluorescence) but DMSO and ethyl acetate give a blue-shifted spectra of compound 29 (Fig. 19) .
On the other hand, the compound 29 shows the greater red-shifted emission spectra in DMSO and CH3CN compared to other polar aprotic solvents (Fig. 20) indicating the fast ESIPT phenomenon.
In polar protic solvent such as methanol both the compounds do not show any fluorescence probably 
Crystal structures of Compounds 31 and 32:
The single crystal X-ray diffraction studies also confirm the structures of compounds 31 and 32. The role of hydrogen bonding and stacking forces shows the stability of the molecular pairs. they show deep blue fluorescence including bathochromic shift (λmax) respectively. The intensity of the blue fluorescence gradually decreases with increasing the polarity of the solvents (moderately polar aprotic). We also observed the compound 29 has similar emission spectra in CHCl3, CH2Cl2 and THF whereas the compound 33 gives different emission spectra with decreasing λmax from CHCl3 to THF. Now among the polar aprotic solvents, acetone, DMF and CH3CN show the almost similar emission spectra (yellow fluorescence) but DMSO and ethyl acetate give a blue-shifted spectra of compound 29 (Fig.   19 ). On the other hand, the compound 29 shows the greater red-shifted emission spectra in DMSO and CH3CN compared to other polar aprotic solvents (Fig. 20) indicating the fast ESIPT because here methanol acts as a strong H-bond donor molecule and consequently ESIPT is prevented due to possible inter-molecular H-bonding interaction with methanol (Scheme 6) [61] . Thus ESIPT phenomena depend not only on solvent polarity but also on H-bond donor and acceptor ability of the solvents [62] . It is a very interesting fact that if we subtract the indole moiety from the target molecule 29i we get only 7-methyl pterin(29a) compound which exhibits only blue fluorescence in different solvents (Fig. 21) . Here, if we compare the two molecules 29 and 29a, it is clear that 29 has no fluorescence in polar protic solvent methanol whereas 29a gives the blue fluorescence in methanol indicating the greater importance of indole moiety connected at 6-position of pterin molecule. Therefore, the indole moiety of compound 29 is the driving heterocyclic moiety onto pterin for solvatochromic ESIPT phenomena. On the other hand, eliminating indole moiety from compound 33 i.e from only quinoxaline methyl moiety has no nakedeye fluorescence property itself. Thus, the combination of the two dissimilar suitable heterocycles has a greater importance in current ESIPT based research. In polar protic solvent such as methanol both the compounds do not show any fluorescence probably because here methanol acts as a strong H-bond donor molecule and consequently ESIPT is prevented due to possible inter-molecular H-bonding interaction with methanol (Scheme 6).
61 Thus ESIPT phenomena depend not only on solvent polarity but also on Hbond donor and acceptor ability of the solvents.
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Scheme 6: Possible mechanism of ESIPT. In polar protic solvent such as methanol both the compounds do not show any fluorescence probably because here methanol acts as a strong H-bond donor molecule and consequently ESIPT is prevented due to possible inter-molecular H-bonding interaction with methanol (Scheme 6). 61 Thus ESIPT phenomena depend not only on solvent polarity but also on Hbond donor and acceptor ability of the solvents.
Scheme 6: Possible mechanism of ESIPT.
Fluorescent Pterins and Molecular Recognition of Anions
We have designed and synthesised fluorescent pterin derived receptors for anions e.g. acetate and dicarboxylate. Among the various biologically important anionic analytes, they are the most critical components of numerous metabolic proceses. Without them, many enzymes and antibodies cannot function properly. Therefore, there is a need to have easily synthesizable anion chemosensors. 63 Acetate is one of the carboxylate anions with the unique trigonal structure which can form strong hydrogen-bond with hydrogen bond donors.
A variety of receptor molecules which selectively recognize acetate anion is available in the literature [64] [65] [66] , including luminescent ones. Now the binding of anion through hydrogen bonding is really difficult in water as anions become highly solvated in water and there exists a competition of water and anions toward binding with the host molecules. Thus, the recognition of anions are generally studied in less polar organic solvents [67] OH). It is also known that the rate of AcO-production and oxidation helps indication of organic decomposition in marine sediments [68] and transmetalation of tetrapyrroles [69] [70] .
Selective sensing of acetate is particularly relevant [71] due to its involvement in numerous metabolic processes for example, a significant number of metal enzymes having cations in their active sites take part in various hydrolysis processes. Carboxylate anions play a crucial role in nylon industry. They are also used in the manufacture of paper, dyes, plastics and paints. However, so far, the ratiometric sensors for acetate are still very scarce.
We have recently reported 71e that pterin are potentially useful as chromogenic and fluorescent receptor for acetate anion. Pterins are highly biologically-active heterocyclic compounds which are present in a wide range of living system [72] . The derivatives of pterin are also highly fluorescent compounds and their photophysical and photochemical properties are well studied in presence of strong acid and base in aqueous media [73] However, it is less explored as a receptor in the recognition of organic guest substrates in organic solvent though it has several binding groups [74] . The notorious insolubility of pterin molecules in organic solvents may be one of the reasons. However soluble pivaloyl derivative of designed pterin or pyridine derived sensors are potentially useful and we have possibly used pterins and selenodiazole fused pyrimidines as sensors for biologically significant anions and molecules.
Thus here pterin has been chosen as a deserving component of a chemosensor due to its biological importance [75] , good platform for sensing [76a] and also its ability to form charge transfer complexes [76b] Besides, pterin moiety has also multiple binding sites for donoracceptor for the recognition of acetate ion. The potential receptors for recognition of pterin analogues have also been designed and reported previously [76c]. Now we have selected pterin based sensor, simply the 2,4-dinitro phenyl hydrazone of pterin (soluble as pivaloyl derivative) which has two hydrogen bond donor groups e.g. one in 3-NH of pyrimidine part as well as the hydrazino -NH conjugated with 2,4 dinitro phenyl group to bind to anion specifically for the acetate ion among the other anions tested. Thus the physicochemical properties of this simple pterin receptor can be utilized as a ratiometric sensor for acetate both qualitatively and quantitatively in the presence of several other co-existing anions.
Synthesis
2, 5, 6-triamino pyrimidine hydrochloride is condensed with monoacetal of tricarbonyl compound according to Grabrel-Isay condensation. Then the crude product under pivaloylation gives the soluble product which affords 6-formyl pterin with deprotection of acetal group at 6-position. The receptor R, 34 was prepared by applying simple Schiff's base condensation reaction between 6-formyl pterin and 2, 4 DNP in ethanol which afforded the sensor as a yellowish precipitate with a good yield (Scheme 7). 
Binding studies by UV-vis method
We have carried out the UV-visible titration for studying the binding behaviour of receptor R 34 with different anions including different types of carboxylate ions such as acetate, benzoate, lactate, aspartate etc. in acetonitrile medium (C = 1 x 10 -5 M). It is observed that there is a characteristic band at 411 nm of the receptor R 34 in the UV-vis spectrum (Fig. 22) . Surprisingly, it is also notable that the intensity of the band at 411 nm decreases upon gradual addition of tetrabutylammonium acetate (TBAA) (C = 2 x 10 -4 M) and the intensity of a new band at 573 nm increases, forming a distinguished naked eye color change from light yellow to violet ( Fig. 22 and Fig. 23) . The formation of a new complex between R 34 and acetate anion is also indicated by the isosbestic point at 450 nm. Additionally, the characteristic structured absorption band at 411 nm is almost completely minimized suggesting that significant electronic perturbation occurred in the ground state of R 34.
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Titrations are also carried out with various anions like F -, I -, and C6H5COO -as their tetra butyl ammonium salts and ADP, ATP, KDHP, NaNO3, NaNO2, K3PO4, Na2SO3, Na-aspartate and Na-lactate etc (Fig.24) but there is no observable change detected in the UV spectrum except with fluoride and benzoate ion, which show very little interference. There is a small appearance of a new peak at 573 nm which indicates that the receptor (R 34) has an insignificant response towards fluoride ion. In presence of benzoate the peak at 411nm slightly decreases (Fig. 23) . Possibly the basicity difference i.e. weaker -, and C6H5COO -as their tetra butyl ammonium salts and ADP, ATP, KDHP, NaNO3, NaNO2, K3PO4, Na2SO3, Na-aspartate and Na-lactate etc (Fig.24) but there is no observable change detected in the UV spectrum except with fluoride and benzoate ion, which show very little interference. There is a small appearance of a new peak at 573 nm which indicates that the receptor (R 34) has an insignificant response towards fluoride ion. In presence of benzoate the peak at 411nm slightly decreases (Fig. 23) . Possibly the basicity difference i.e. weaker basicity of benzoate over acetate and/or the steric effects are the main cause of the selectivity of AcO -over C6H5COO -towards R 34 (Fig. 23 ). (Fig. 23) . Possibly the basicity difference i.e. weaker basicit over acetate and/or the steric effects are the main cause of the selectivity of Ac C6H5COO -towards R 34 (Fig. 23) . basicity of benzoate over acetate and/or the steric effects are the main cause of the selectivity of AcO -over C6H5COO -towards R 34 (Fig. 23) .
Interestingly, the very large (absorption shift: ΔA = 162 nm) difference in the two wave lengths not only contributes to the accurate measurement of the two absorption peaks, it also results in a huge ratiometric value. In fact, almost 60-fold enhancement in the ratiometric value (I573/I411, from 0.06 to 4.02) is achieved with respect to the acetate-free solution in the presence of 5.0 equiv. of acetate (Fig. 25) . The change of absorbance with the concentration of acetate also maintained a linear relationship from 2µM to 10µM.
Colorimetric studies
On the addition of acetate ion, the color changes are most likely due to the creation of hydrogen bonds and deprotonation of amide proton of receptor (R 34) which is illustrated in Scheme 8. These hydrogen bonds or deprotonations probably influence the electronic properties of the chromophore which result in the transformation of color from light yellow to violet (Fig. 23) , along with a new charge-transfer communication between the acetate bound N-H moieties and the electron deficient nitro group [78] . Furthermore, the Л delocalization is improved due to the strong hydrogen-bonding interaction between receptor R 34 and acetate ion, which was predictable to reduce the energy of the Л-Л* transition and therefore accounts for the appearance of a new absorption band at higher wavelength i.e. at 573 nm resulting in the formation of a violet color. A distinct isosbestic point at 450 nm emerged during the spectral titrations, which confirmed the formation of the stable complex with a definite stoichiometric ratio between the receptor and the anion resulting in a new ICT (internal charge transfer) band that appeared at 573 nm.
It is also observed that the enhancement of ratiometric value of absorbance of the R 34 (1 × 10 -5 M) is near about 19 fold on addition of five equiv. TBAA after which it gets saturated. From the UV-vis titration data, it is also clear that minimum 2 µM of acetate can be detected by using 10 µM of receptor. The 1:2 stoichiometry for the host-guest complexation was elaborated by the profile of the intensities of the diminishing band centered at 411 nm and rising band at 573 nm which was also confirmed by Job plot analysis (Fig.  26) . The association constant was estimated to be K1= 1.98 ± 0. 
Colorimetric studies:
On the addition of acetate ion, the color changes are most likely due to the creation of hydrogen bonds and deprotonation of amide proton of receptor (R 34) which is illustrated in Scheme 8. These hydrogen bonds or de-protonations probably influence the electronic properties of the chromophore which result in the transformation of color from light yellow to violet (Fig. 23) , along with a new charge-transfer communication between the acetate bound N-H moieties and the electron deficient nitro group. 78 Furthermore, the Л delocalization is improved due to the strong hydrogen-bonding interaction between receptor R 34 and acetate ion, which was predictable to reduce the energy of the Л-Л* transition and therefore accounts for the appearance of a new absorption band at higher wavelength i.e. at 573 nm resulting in the formation of a violet color. A distinct isosbestic point at 450 nm emerged during the spectral titrations, which confirmed the formation of the stable complex with a definite stoichiometric ratio between the receptor and the anion resulting in a new ICT (internal charge transfer) band that appeared at 573 nm.
It is also observed that the enhancement of ratiometric value of absorbance of the R 34 (1 × 10 -5 M) is near about 19 fold on addition of five equiv. TBAA after which it gets saturated.
From the UV-vis titration data, it is also clear that minimum 2 µM of acetate can be detected by using 10 µM of receptor. The 1:2 stoichiometry for the host-guest complexation was elaborated by the profile of the intensities of the diminishing band centered at 411 nm and rising band at 573 nm which was also confirmed by Job plot analysis (Fig. 26) . The association constant was estimated to be K1= 1.98 ± 0.11×10 5 M -1 and K2= 2.46 ± 0.31×10 The 1:2 stoichiometry for the host-guest complexation was elaborated by the profile of the intensities of the diminishing band centered at 411 nm and rising band at 573 nm which was also confirmed by Job plot analysis (Fig. 26) . The association constant was estimated to be K1= 1.98 ± 0.11×10 5 M -1 and K2= 2.46 ± 0.31×10 
H NMR studies
The 1 H NMR titration of receptor R 34 with TBAA in DMSOd6 (Fig. 28) manifests the interaction between the specific hydrogens of R 34 and the acetate ion. It is observed that the amides and N-H-(-C=NH-) protons (Ha, Hb, Hc) of R 34 are gradually dispersed with the gradual addition of acetate anion indicating the cyclic intermolecular H-bonding interaction shown in Scheme 8. Additionally, the -CHof hydrazone moiety and H7 of R 34 are distinguishably shifted upfield in complex 1:1(0.417 ppm and 0.137 ppm) and complex 1:2 (0.551 ppm and 0.296 ppm) respectively. Besides, the protons of the 2,4 dinitro-substituted aromatic ring of R 34 also undergo upfield shift on complexation with acetate in 1:1 and 1:2 complexes. Many sensors for AcO -detection could only be performed in solution, which would limit their applications. To examine the added on the test kits in different concentrations, the obvious colour changes from greenish yellow to brown were observed (Fig. 29) . Thus, the test strips could straightforwardly sense acetate. Development of such dipsticks is helpful as immediate qualitative information is obtained without resorting to the instrumental analysis. We have reported a new selenium-based fluorescent sensor for selective sensing of hindered carboxylate compared to smaller acetate by changing its mode of binding site [86] .
Molecular recognition of hindered carboxylate by fluorescent selenopyrimidines
A new selenodiazole fused pyrimidine-based chromogenic fluorescent sensor (5,7-diacetylamino-1,2,5-selenodiazolo-[3,4-d]-pyrimidine) has been explored for the recognition of both small and hindered carboxylates (acetate and pivalate). In receptor 35, the selenodiazole-fused pyrimidine ring has two pyrimidine acetamide protons in same side which are used as hydrogen bond donors for recognition of anions. We have first synthesised and reported pyrimidine based selenodiazoles for recognition purposes.
The receptor 35 was synthesized by straightforward reactions summarized in Scheme 9. Initially compound 37 has been prepared by the condensation of 2, 4, 5, 6-tetraamino-pyrimidine dihydrochloride (36) and selenium dioxide in solid phase by eco-friendly microwave technique [87] . 35 is isolated on acetylation of compound 37 by acetic anhydride. 
Binding studies by UV-vis and fluorescence methods
UV-vis studies
The binding characteristics of 35 have been studied by UV-vis and fluorescence methods in acetonitrile [88] . Absorption spectrum of 35 (1.03 ×10 ˗4 M) shows a maximum (λmax) at 351 nm (Fig. 30) . The absorption maxima gradually decrease with simultaneous formation of another two maxima at 303 nm and 385 nm, respectively upon addition of monocarboxylate anions such as acetate, pivalate, and phenyl acetate. Two prominent isosbestic points at 317 and 373 nm indicate the formation of a new complex between the receptor and carboxylate anions. A possible binding mode is shown in Fig. 31 . A bathochromic shift by 34 nm upon the addition of carboxylate anions to sensor 35 is in favor of a strong complex between receptor and carboxylate anions. Except fluoride, the absorption intensity does not change in the presence of other halide anions (Cl -, Br -and I -) . In the case of F -, the absorption intensity slowly decreases initially and the rate of decrease of absorption maxima increases on addition of higher concentration of F - (8 equiv.) . The 34 nm bathochromic shift is due to binding with the carboxylate anions (Fig 30(a) ). The 1:1 stoichiometry ( Fig. 30(b) ) of 35 was confirmed by Job's plot in the anion complexes.
Change of absorption spectra of 35 upon addition of different tetrabutylammonium carboxylate and fluoride salts (Fig. 32) is clearly shown. The evidence of bathochromic shift is also confirmed by observing color change in naked eye. The colorless solution of receptor (1.0 ×10 ˗4 M) turns pale yellow after addition of 1 equivalent carboxylate (tetrabutylammonium salt of acetate, pivalate and phenylacetate) (Fig. 33) . The color of the 35 remains unchanged by the addition of 1 equiv of tetrabutylammonium fluoride but a pale yellow color is observed by the addition of high concentration (4 equiv) Fluorescence experiment has been carried out for sensing the selectivity of 35 towards different anions. 35 shows a broad peak at 412 nm upon excitation at 351 nm (excited slit width 14 nm, emission slit width 10 nm). Upon gradual addition of carboxylate (acetate or pivalate) the emission spectra of 35 have been shifted towards higher wavelength (at 459 nm) with significant enhancement of emission maxima.
A significant red shift, about 47 nm of the 35 is seen on addition of carboxylate anions. The fluorescence intensity remains unchanged upon addition of other halide ions except fluoride. The fluoride ion behaves like carboxylate anions but the enhancement of emission intensity is comparatively much lower than carboxylates. Previously we have reported a selenium based receptor for selective sensing of hindered carboxylate such as pivalate and adamantane-1-carboxylate rather than acetate. But in this case, the enhancement of fluorescence intensity of acetate is close to pivalate and the binding constant for acetate is higher than other carboxylate anions. Hence 35 is a selective sensor for acetate. The fluorescence intensity of 35 is not affected in presence of other anions apart from F-. Initially on addition of F-, minor and irregular change occurs but the fluorescence intensity increases and shifted slightly on addition of high concentration of F -(after 4 equivalents) (Fig. 34) .
The UV-vis and fluorescence studies of 35 have been carried out with acetate anion by changing the counter cation part such as sodium (Na + ) or potassium (K + ) ions instead of tetrabutylammonium (Bu4N + ) ion to observe the change of spectra and binding affinity. The solutions of sodium acetate and potassium acetate were prepared in acetonitrile and water (95:5 v/v) . Here decrease of the absorption maxima with blue and red shifts and the enhancement of fluorescence intensity with red shift of 35 are also observed upon addition of sodium acetate or potassium acetate solutions (Fig. 35) .
The nature of both UV-vis and fluorescence spectra of 35 with sodium acetate and potassium acetate is similar (Fig.36) to the spectra of 35 with tetrabutylammonium acetate. The binding constants are close to each other. Therefore 35 selectively binds the acetate anion and the complex formation is not affected by these counter cations (Na + , K + , or Bu4N + ). 
A Remarkable Fluorescence Enhancement of Hindered Carboxylates by Selenium-Based New Chromogenic Fluorescent Sensors
A selenium metal-based new fluorescence sensor 5-pivaloylamino -1, 2, 5-selenodiazolo[3,4-d] pyrimidin-7-(6H)-one (receptor 36) has been reported 85 by us for the recognition of monocarboxylic acids and carboxylate anions both by UV-vis and fluorescence methods. Receptor 36 recognizes carboxylate anions more than monocarboxylic acids and it is a selective sensor for carboxylates specially hindered carboxylate anions. The changes of fluorescence intensity are remarkably enhanced with red shift in presence of bulky carboxylate anions. The X-ray crystal structure of receptor 1 with pivalic acid has also been reported.
We show here the development of a new selenium based chromogenic fluorescent sensor 5-pivaloylamino-1,2,5-selenodiazolo [3,4-d] pyrimidin-7-(6H)-one(2-pivaloyamino-6-selenoguanine) having a bulky pivaloyl group in the binding site for studying the change in recognition behavior from monocarboxylic acids to carboxylate anions. 36 was synthesized in the solid phase simply by irradiation of a mixture of 2, 5, 6-triamino-3H-pyrimidin-4-one dihydrochloride with selenium dioxide in a microwave oven followed by pivaloylation with pivalic anhydride. Form I in which the lactam NH proton of pyrimidine moiety makes a strong intramolecular hydrogen bond with amide CO (another donor-acceptor array), whereas in the presence of carboxylate guests the intramolecular hydrogen bonding has been destroyed and the flexible amide proton is available in the same direction with lactam NH for recognition of carboxylate (form II). This conformational change of 36 has been observed by careful analysis of the UV-vis and fluorescence behavior of both carboxylic acids and carboxylate anions (Scheme 10).
The binding behavior of receptor 1 was observed both by UV-vis and fluorescence methods in chloroform solution. 87 The absorption spectra of 36 (1.00 × 10-4 mL-1) appeared at λmax 356 nm. The absorption intensity decreases upon gradual addition of carboxylic acid solution (∼10-3 mL-1). However, during titration of 36 with carboxylate anions the absorption intensity gradually decreases at 356 nm with concomitant increasing intensity at 304 and 396 nm (bathochromic shift by 40 nm) ( Figure  37 ). The decrease in the absorption maxima is more in adamantane-1-carboxylate and pivalate rather than acetate and phenyl acetate (Figure 37 ). Two isosbestic points were observed at 320 and 326 nm which indicate that carboxylate anions strongly bind the two protons of 36 by breaking the intramolecular hydrogen bonding between pivaloyl amide CO and lactam NH (Scheme 10). The association constant of receptor is higher with carboxylate anions rather than monocarboxylic acid. Job plots indicate 1:1 complexation between host-guest since receptor and carboxylate complex concentration goes maxima where molar fraction of receptor is about 0.5 (Figure 37 ). Change of absorption spectra of 36 upon flexible amide proton is available in the same direction with lactam NH for recognition of ca (form II). This conformational change of 36 has been observed by careful analysis of the UV fluorescence behavior of both carboxylic acids and carboxylate anions (Scheme 10). addition of different tetrabutylammonium carboxylate salts are shown in Fig. 38 . The red shift in absorption maxima upon addition of carboxylate anions toward visible region is also confirmed by the color change visible to the naked eye (Figure 39 ). The receptor turns yellow in the presence of carboxylate anions. The intensity of the color is much lower for acetate and phenyl acetate, whereas the color becomes deeper in the case of pivalate and adamantane-1-carboxylate. The color change is not observed in the presence of guest acids or other anions.
Fluorescence titrations are performed to study the binding behavior and the sensing selectivity of 36 with different guests. The fluorescence emission spectrum of 36 (1.87 × 10-4 mL-1) shows a broad peak at 412 nm when it is excited at 356 nm (excited slit width 14 nm, emission slit width 12 nm). The fluorescence intensity does not change upon gradual addition of monocarboxylic acids, although upon addition of carboxylate anions the fluorescence intensity gradually undergoes quenching at 412 nm with an increase in the emission maxima toward longer wavelength and making a bathochromic shift (about 47 nm) (Figure 40 ). The enhancement of emission intensity observed at 459 nm is higher for adamantane-1-carboxylate and pivalate compared to acetate and phenyl acetate. We have also performed the fluorescence studies with other anions such as F-, Cl-, Br-, and I-, but in all these cases, the change of emission intensity is irregular and minor. The binding constants are determined both by UV-vis and fluorescence methods. Hence, 36 can be useful as a selective fluorescence sensor for detecting carboxylate anions over the wide range of other interfering anions and carboxylic acids.
To evaluate the binding behavior of 36 with carboxylates and carboxylic acids, we carried out the 1H NMR study adding with equivalent amounts of guests. In 36, the lactam N-H proton (12.03 ppm) makes a strong intramolecular hydrogen bonding with C=O of amide linkage, and this proton is shifted downfield (Δδ= 0.5 ppm) in presence of guest acids. The amide N-H proton of 36 itself appears at 8.54 ppm, and the downfield chemical shift of 36 is Δδ = 1.59 ppm in the presence of an equivalent amount of pivalic acid. The downfield chemical shift of amide proton in 36 is Δδ = 1.47 ppm on addition of an equivalent amount of acetic acid. Interestingly, the peaks of two amide protons of 36 are not observed in NMR due to deprotonation in presence of an equivalent amount of tetrabutylammonium adamantane-1-carboxylate which supports that carboxylate recognizes 36 in form II binding mode (Scheme 10).
The recognition pattern of 36 with pivalic acid is observed by growing single crystals and analysis of the X-ray crystal structure (Figure 41 ).
It has thus been observed that the 36 recognizes carboxylate anions more compared to carboxylic acids by changing its mode of binding sites. Both small and hindered carboxylate anions are recognized by this receptor, but the binding affinity is better toward hindered carboxylate anions. 36 thus developed as a successful fluorescence sensor for distinguished carboxylate anions from carboxylic acids and other anions due to its high selectivity toward hindered carboxylate anions. Also, interestingly, 36 having hindered pivaloylamino group binds with hindered pivalic acid without fluorescence change in a different binding motif as proved by the X-ray crystal structure of receptor with pivalic acid.
Conclusion
Thus a concise account of synthetic and biological significance of pterins including highly fluorescent selenopyrimidines and their applications in molecular sensors with their optical spectroscopic properties are described. Photophysical aspects are discussed along with the receptor properties of pterin molecules for recognition of neutral guest substrates and anions including UV and fluorescence properties of newly developed indolopterin and indoloquinoxaline. The new system of such array of two important heterocycles has the potential of new conjugated donor-acceptor moieties having interesting solvatochromic properties and for development of other possible fluorescence markers as well as new redox heterocyclic combination and also for new biological activity. Direct functionalisation onto pterins is difficult. Synthetic access to direct functionalized pterins and a new thiophene annulation technique is described for the synthesis of Form B of molybdenum cofactor. All these pterin functionalized compounds are fluorescent and future work is needed in this difficult field in molecular recognition and in sensor use for various molecules and ions of biological importance. Thus recent advances on the topic in our laboratory and contributions from other groups will be useful to the practicing pteridine and molybdenum cofactor chemists. The receptor properties of fluorescent pterin molecules including selenopyrimidines which are rarely reported for their binding of anions and neutral molecules are also discussed. For such an old and still so young, unexplored pterin system on its power to be effective for physical studies especially the interaction with cations, anions and neutral molecules are incredible and research in this area is relatively new and expected to increase fast. Besides visible colors, fluorescence properties of pterin based receptors are for the first time put into a useful review for the advantage for exploration of pterin and modified pterins as sensors.
